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We present results for β-decay half-lives based on a new recipe for calculation of phase space
factors recently introduced. Our study includes fp-shell and heavier nuclei of experimental and as-
trophysical interests. The investigation of the kinematics of some β-decay half-lives is presented, and
new phase space factor values are compared with those obtained with previous theoretical approxi-
mations. Accurate calculation of nuclear matrix elements is a pre-requisite for reliable computation
of β-decay half-lives and is not the subject of this paper. This paper explores if improvements in
calculating the β-decay half-lives can be obtained when using a given set of nuclear matrix elements
and employing the new values of the phase space factors. Although the largest uncertainty in half-
lives computations come from the nuclear matrix elements, introduction of the new values of the
phase space factors may improve the comparison with experiment. The new half-lives are system-
atically larger than previous calculations and may have interesting consequences for calculation of
stellar rates.
PACS numbers: 23.40.Bw; 23.40.-s; 26.30.Jk
I. INTRODUCTION
The precise knowledge of the β-decay rates represents
an important ingredient for understanding the nuclear
structure as well as the astrophysical processes like pre-
supernova evolution of massive stars, nucleosynthesis (s-,
p-, r-, rp-) processes, etc. [1–3]). That is why the calcu-
lation of the β-decay half-lives in agreement with exper-
imental results has been a challenging problem for nu-
clear theorists [4–8]. Theoretically, the half-life formulas
for β-decay can be expressed as a product of nuclear ma-
trix elements (NMEs), involving the nuclear structure of
the decaying parent and of the daughter nuclei, and the
phase space factors (PSFs) that take into account the
distortion of the electron wave function by the nuclear
Coulomb field. Hence, for a precise calculation of the β-
decay half-lives, an accurate computation of both these
quantities is needed. The largest uncertainties come from
the NME computation. In literature one can find differ-
ent calculations of the NMEs for β-decays, realized for
different types of transitions and final states, and with
different theoretical models (e.g. based on gross theory
[9], QRPA approaches [2, 5–8, 10–14] and shell model
[15]). We would not be discussing calculation of NMEs
in this paper. Until recently the PSFs were considered
to be calculated with enough precision and, consequently,
not much attention was paid to a more rigorous calcula-
tion of them. However, recently we recomputed the PSFs
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for positron decay and electron capture (EC) processes
for 28 nuclei of astrophysical interest, using a numeri-
cal approach [16]. We solved the Dirac equation (getting
exact electron wave functions) with a nuclear potential
derived from a realistic proton density distribution in the
nucleus. We also included the screening effects. The new
recipe for calculation can easily be extended to any arbi-
trarily heavy nuclei.
Accurate estimates of half-lives of neutron-rich nuclei
have gained much interest in the recent past. This is
primarily because of their key role in r-process nucle-
osynthesis. Similarly, precise value of β-decay half-lives
of proton-rich nuclei is a pre-requisite for solving many
astrophysical problems. In this paper, we study the effect
of introducing the new PSF values, obtained with our re-
cently introduced recipe [16] on the calculation of β-decay
half-lives. We also extend here our previous PSF calcu-
lations (of positron decay and EC reactions) to include
β-decay reactions. In order to complete the calculation of
β-decay half-lives, we calculate the set of NMEs using the
proton-neutron quasi-particle random phase approxima-
tion model in deformed basis and a schematic separable
potential both in particle-particle and particle-hole chan-
nels. Other nuclear models and a set of improved input
parameters may result in a better calculation of NMEs.
However this improvement is not under the scope of cur-
rent paper. We calculate both Gamow-Teller and Fermi
transitions to ground and excited states, for medium and
heavy nuclei of interest. We present first an investiga-
tion of the kinematics of β-decay half-lives and our PSF
values are compared with those obtained with previous
theoretical approximations. Later the newly computed
half-lives are compared with other previous theoretical
2predictions and experimental data. We investigate if our
new PSF values lead to any improvement in the calcu-
lated β-decay half-life values. Our present study may be
extended to investigate the effect of the new PSF values
on stellar decay rates, which we take as a future assign-
ment.
This paper is organized in the following format. Sec-
tion II describes the essential formalism for the calcu-
lation of PSFs and β-decay half-lives. We present our
results in Section III where we also make a comparison
of the current calculations with experimental data and
previous calculation [17]. We conclude finally in Section
IV.
II. FORMALISM
A. Half Life Calculation
β-decay half-lives can be calculated as a sum over all
transition probabilities to the daughter nucleus states
through excitation energies lying within the Qβ value
T1/2 = (
∑
0≤Ef≤Qβ
1/tf)
−1, (1)
where the partial half-lives (PHL), tf , can be calculated
using
tf =
C
(gA/gv)2FA(Z,A,E)BGT (Ef ) + FV (Z,A,E)BF (Ef )
.
(2)
In Eq. (2) value of C was taken as 6143 s [18], gA, gv are
axial-vector and vector coupling constants of the weak in-
teraction, respectively, having gA/gv= -1.2694 [19], while
Ef is the final state energy. E = Qβ−Ef where Qβ is the
window accessible to either β+-, β−- or EC decay. FA/V
are the PSFs. BGT and BF are the reduced transition
probabilities for Gamow-Teller and Fermi transitions, re-
spectively, and expressed as
BF (Ef ) =
1
2Ii + 1
|< f ‖MF ‖ i >|2, (3)
BGT (Ef ) =
1
2Ii + 1
|< f ‖MGT ‖ i >|2 (4)
In Eq. (3) and Eq. (4), Ii denotes the spin of the par-
ent state,MF andMGT are the Fermi and Gamow-Teller
transition operators, respectively. Detailed calculation of
the NMEs within the proton-neutron quasi-particle ran-
dom phase approximation (pn-QRPA) formalism may be
found in Refs. [7, 8].
In this paper the NMEs calculation was performed us-
ing the pn-QRPA model. We used the Nilsson model [20]
to calculate single particle energies and wave functions
which takes into account the nuclear deformation. Pair-
ing correlations were tackled using the BCS approach.
We considered proton-neutron residual interaction in two
channels, namely the particle-particle and the particle-
hole interactions. Separable forms were chosen for these
interactions and were characterized by interaction con-
stants χ for particle-particle and κ for particle-hole in-
teractions. Here, we used the same range for χ and κ as
was discussed in [7, 8]. Deformation parameter values β2
for all cases were taken from Ref. [21]. For pairing gaps
we used a global approach ∆n = ∆p = 12/
√
A [MeV].
A large model space up to 7~ω was incorporated in our
model to perform half-lives calculations for heavy nuclei
considered in this paper.
B. Phase Space Factors Calculation
1. Phase space factors for β+/β− transitions
The formalism for the PSF calculation for β+/β− al-
lowed transitions was discussed in detail in our previous
paper [16]. Here, we reproduce the main features of the
formalism for the sake of completion. The probability
per unit time that a nucleus with atomic mass A and
charge Z decays for an allowed β-branch is given by
λ0 = G
2
β/2π
3
∫ W0
1
pW (W0 −W )2S0(Z,W )dW, (5)
where Gβ is the weak interaction coupling constant, p is
the momentum of β-particle, W =
√
p2 + 1 is the total
energy of β-particle and W0 is the maximum β-particle
energy. W0 = Q− 1 (Q + 1) in β+ (β−) decay. Q is the
mass difference between initial and final states of neutral
atoms. Eq. (5) is written in natural units ( ~ = m =
c = 1 ), so that the unit of momentum is mc, the unit of
energy is mc2, and the unit of time is ~ /mc2. The shape
factors S0(Z,W ) for allowed transitions which appear in
Eq. (5) are defined as
S0(Z,W ) = λ1(Z,W )|M0,1|2, (6)
where M0,1 are the NMEs related to the Fermi and
Gamow-Teller reduced transition probabilities as
|M0,1|2 = 1√
2Ii + 1
BF,GT , (7)
and λ1(Z,W ) stands for Fermi functions. For the cal-
culation of the β-decay rates, one needs to calculate the
NMEs and the PSFs that can be defined as
Fβ+/β− =
∫ W0
1
pW (W0 −W )2λ1(W )dW. (8)
3The above formula determines the PSFs for both the
Fermi and Gamow-Teller allowed transitions, by substi-
tuting FV or FA in Eq. (2), respectively. For the allowed
β-decays the Fermi functions can be expressed as
λ1(Z,W ) =
g2−1 + f
2
1
2p2
, (9)
which is just the definition used in Ref. [17] (Eq. (3)),
for our particular case k = 1. We note that in the above
formula a coefficient 1/(2p2) appears. Usually, this co-
efficient is included in the proper normalization of the
wave functions, as we did. The functions g−1(Z,W ) and
f1(Z,W ) are the large and small radial components of
the positron (or electron) radial wave functions evalu-
ated at the nuclear radius R. They are solutions of the
coupled set of differential equations [17]
(
d
dr
+
κ+ 1
r
)
gκ(W, r) = (W + V (r) + 1)fκ(W, r)
(
d
dr
+
κ− 1
r
)
fκ(W, r) = −(W + V (r) − 1)gκ(W, r)(10)
where V (r) is the central potential for the positron (or
the electron) and κ = (l − j)(2j + 1) is the relativistic
quantum number.
Ideally, the central potential V (r) from Eq. (10) should
include the effects of the extended nuclear charge distri-
bution and of the screening by orbital electrons. Unlike
the recipe of Gove and Martin [17], where these screening
effects were treated as corrections to the wave functions,
in our recipe they are included directly in the potential.
This was done by deriving the potential V (r) from a re-
alistic proton density distribution in the nucleus. The
charge density can be written as
ρe(~r) =
∑
i
(2ji + 1)v
2
i |ψi(~r)|2 , (11)
where ψi is the proton wave function of the spherical
single particle state i and vi is its occupation amplitude.
The wave functions ψi, were found by solving Schro¨dinger
equation with a Wood-Saxon potential. The (2ji + 1)
term in Eq. (11) reflects the spin degeneracy. As an ex-
ample, we depict the realistic proton density for 120Xe
in cylindrical coordinates in Fig. 1(a). The profile of this
proton density for the daughter nucleus 120Xe (thick line)
is compared with a constant density (dot-dashed line) in
Fig. 1(b).
We integrated the realistic charge distribution over the
volume of nucleus, in order to find the Coulomb potential
V (Z, r) = α~c
∫
ρe(~r′)
|~r − ~r′|
d~r′. (12)
Moreover, we included the screening effect by multiply-
ing the expression of V (r) with a function φ(r), which is
solution of the Thomas-Fermi equation
FIG. 1. (a) Realistic proton density for 120Xe represented in cylin-
drical coordinates. (b) Profile of the realistic proton density for 120Xe
(thick line) compared with that given by a constant density approxi-
mation (dot-dashed line).
FIG. 2. The effective screening function φeff = Vβ∓/V as function
of the dimensionless distance x for Z=54. The dashed and the dot-
dashed lines correspond to β− and β+ decays, respectively. The full
line gives the behavior of the screening function with the boundaries
φ(0)=1 and φ(∞)=0, as given in Ref. [22].
d2φ
dx2
=
φ3/2√
x
, (13)
with x = r/b, b ≈ 0.8853a0Z−1/3 and a0 is the Bohr ra-
dius. The solution φ(r) was calculated within the Majo-
rana method [22]. In the case of β−/β+, the effective po-
tential Vβ∓ was modified by the screening function φ(r)
as
4rVβ∓(Z, r) = (rV (Z, r) + 1)× φ(r) − 1. (14)
So, asymptotically we returned the interaction between
an ion of charge ±1 of the residual nucleus, and the emit-
ted electron/proton. The Coulomb potential in atomic
units is Z/r and is negative/positive for β−/β+ decays.
As mentioned in Ref. [22], the Thomas-Fermi equation
(13) is a universal equation which does not depend on
Z or other physical constants. The boundaries of the
screening function are φ(0) = 1 and φ(∞)=0. Then,
the effective potential is Vβ∓(r) = V (r) for r=0, and
is suppressed according to the variation of the universal
screening function when r increases in order to reach the
asymptotic behavior Vβ∓(r) = −1/r for r → ∞. The
effective screening function is displayed in Fig. 2. Such a
procedure of including the screening effect was also used
previously in the computation of PSFs for double-beta
decays [23]-[25] and a similar behavior for the effective
screening function was obtained. Essentially, effective
Coulomb interactions obtained in the present work man-
ifest the same asymptotic behavior as those obtained in
Refs. [23, 24] where the Thomas-Fermi equation with a
fixed boundary at infinity is solved.
We solved Eq. (10) in a screened Coulomb potential,
with an accurate numerical method presented in Refs.
[26, 27]. The method allows control of truncation errors
of the solutions and the only remaining uncertainties were
due to unavoidable round-off errors and due to the dis-
tortion of the potential introduced by the interpolating
spline. Detailed information about this method can be
found in our previous article [16]. Further, the integra-
tion of the PSF values was performed accurately with
Gauss-Legendre quadrature in 32 points.
Because we compare our results with those of Gove and
Martin [17] we mention selected features of their method
of calculation of the PSFs. They obtained the radial elec-
tron functions (f , g) as solutions of Dirac equations for
a point-nucleus and with an unscreened Coulomb spheri-
cal potential. The obtained functions were approximate,
expressed in terms of Γ functions. According to their
prescriptions [17], the finite nuclear size and screening
effects were treated as corrections to these approximate
functions.
TABLE I. Comparison of PSF results calculated with our recipe (TW)
and Gove and Martin recipe (GM), for β+ decay of three virtual nuclei.
Z A Qβ+ (MeV ) Log(F
(GM)
β+
)[17] Log(F
(TW )
β+
)
10 20 0.05 -4.643 -4.646
0.50 -0.700 -0.702
5.00 3.575 3.574
50 120 0.05 -6.117 -6.195
0.50 -1.152 -1.175
5.00 3.319 3.311
90 230 0.05 -7.088 -7.272
0.50 -1.330 -1.388
5.00 3.236 3.206
TABLE II. Comparison of PSF results calculated with our recipe
(TW) and (GM), for β− decay of three virtual nuclei.
Z A Qβ− (MeV ) Log(F
(GM)
β−
)[17] Log(F
(TW )
β−
)
10 20 0.05 -3.755 -3.793
0.50 -0.366 -0.369
5.00 3.776 3.774
50 120 0.05 -2.776 -2.978
0.50 0.389 0.307
5.00 4.304 4.282
90 230 0.05 -1.857 -2.026
0.50 1.269 1.106
5.00 4.929 4.904
In order to illustrate the differences that appears be-
tween our calculation and the approximate method of
GM [17], we compare the PSF results for three virtual
cases as discussed in Ref. [17]. As seen from Table I for
β+, and Table II for β−, the differences between the two
sets of PSF values may not be so obvious in the deci-
mal logarithm scale, but in half-lives calculation where
the absolute PSF values are used, the differences may be
relevant as we will see in the next section.
2. Phase space factors for electron capture (EC)
Electron capture is a process which competes with
positron decay. It is an alternate decay mode for the
β+ unstable nuclei that do not have enough energy to
decay by positron emission. Considering the fact that
the electron capture from the M-, N- and higher shells
have negligible contributions in comparison with the K-
and L- ones, we can write the PSF expression of electron
capture for an allowed transition as
FK,L1EC =
π
2
(
q2Kg
2
KBK + q
2
L1g
2
L1BL1
)
. (15)
For the qK/L1 quantities we used the expression
qK/L1 =WEC − ǫK/L1 , (16)
were, WEC is the Q value of the β
+ decay in mec
2 units,
ǫi are the binding energies of the 1s1/2 and 2s1/2 electron
orbitals of the parent nucleus, gi their radial densities on
the nuclear surface. Bi ≈ 1 represent the values of the
exchange correction. In our method we consider these
exchange corrections to be unity, for the nuclei consid-
ered, the estimated error in doing that being under 1%.
The relation W0 =WEC − 1 holds.
The gK/L1 are the electron bound states, solutions of
the Dirac equation (10), and correspond to the eigenval-
ues ǫn (n is the radial quantum number). The quan-
tum number κ is related to the total angular momentum
jκ =| κ | −1/2. These wave functions are normalized
such that
5∫ ∞
0
[g2n,κ(r) + f
2
n,κ(r)]dr = 1. (17)
For the EC processes, the potential used to obtain the
electron wave functions reads
rVEC(Z, r) = rV (Z, r)φ(r), (18)
and the charge number Z = Z0 corresponds to the parent
nucleus. V (Z, r) is negative. More details about the
numerical procedure can be found in [16].
III. RESULTS AND DISCUSSION
Half-lives were computed using Eq. (1) and Eq. (2).
The NMEs were calculated using Eq. (3) (for Fermi tran-
sitions) and Eq. (4) (for GT transitions) within the pn-
QRPA formalism. For the PSF calculation we used two
different recipes. One is our newly calculation recipe [16]
and the other one is the conventional computation us-
ing the prescription of GM [17]. We again state that
the same set of NMEs were used in both types of half-
life calculations. For the GM bound states, the Dirac
equation is solved by assuming a Hartree self consistent
Coulomb field. The finite size effect is introduced within
a nuclear charge distribution of a Woods-Saxon form. In
the GM model, the screening is implicitly taken into ac-
count. In the calculations of this work, the Coulomb field
is obtained by considering a nuclear charge distribution
obtained within a shell model and a screening effect is
introduced by modifying the potential. Therefore, some
differences in the electron binding energies and in the
wave functions arise between the two recipes. The elec-
tron energies and their radial densities on the nuclear sur-
face for K and L1 orbitals recalculated in this work with
recently improved numerical codes following the recipe of
Ref. [16] are listed in Table III and compared with those
of [28].
The differences between the results obtained for a
Coulomb field obtained from a constant charge density
inside a spherical nucleus and those obtained with a field
constructed with a more realistic charge density corrected
with a screening function can offer an estimation of the
role played by the ingredients of our model. The radial
distributions of the electron (g2k + f
2
k )r
2 are displayed in
Fig. 3 for these two treatments in the case the parent nu-
cleus 38Ca. The radial distributions in the case of a pure
Coulomb field, plotted with thin lines, are more confined
in the vicinity of the nucleus, therefore the amplitudes of
the wave function are larger. These differences are trans-
lated in the values g2i and of the electron binding energies
ǫi, as it can be seen in Table IV. Adding the screening
effect in our calculations makes our results very close to
those of GM .
Table V presents a comparison between the measured
and calculated half-lives for β+/EC-decay of twenty
FIG. 3. The radial distributions (g2k + f
2
k )r
2 are plotted for the K
and L1 shells as function of the distance r in term of atomic units a0
for 38Ca. The thick lines are obtained with the treatment used in this
work. The thin curve is used for the potential without screening and
with a constant proton density inside the nucleus. The full line is used
for the K shell while the dashed one corresponds to the L1 orbital.
medium and heavy nuclei of interest. Entries in third col-
umn are calculated using the pn-QRPA method for the
NMEs, while the PSFs are calculated by the by (GM)
method [17]. The fourth column shows the calculated
half-lives using our new recipe of PSFs [16] and labeled
(TW ) (this work). Most of the nuclei shown in this ta-
ble are the same as those presented in Table 2 of Ref.
[16]. All half-lives are given in units of seconds. Q-values
for the reaction were taken from [29]. It is seen from
Table V that the newly calculated half-lives are system-
atically larger than those computed using the PSFs of
(GM) [17]. The last column displays the percentage de-
viation (PD) of the two calculated half-lives. We calcu-
lated the PD between the two computed half-lives using
the formula
PD =
T
(TW )
1/2 − T
(GM)
1/2
T
(TW )
1/2
× 100(%) (19)
Table V shows that the PD increases to a maximum
value of 4.05 % for the 56Ni nucleus. The case of EC
on 205Bi requires special mention. For this nucleus the
pn-QRPA predicts couple of high excited transitions to
the daughter nucleus and the available Q-value of these
two transitions is lower than the binding energy of the
K-shell electron. Using calculation, after the EC process
of a K-shell electron, the neutrino may have a negative
energy which is not physical. Accordingly we only cal-
6culate L-shell EC in this case. In the calculated β+/EC-
decay half-lives, the smallest difference was noted for
52Fe. In Table VI we show the state-by-state transitions
for two cases: 52Fe and 56Ni. Shown are also the adopted
NMEs using the pn-QRPA model, the calculated PSFs
(separately for both EC and β+-decay reactions), partial
half-lives (PHL), Q-values and branching ratios I(β+/EC).
The branching ratio ’I’ for each transition was calculated
using the formula
I =
T1/2
tf
× 100(%), (20)
where T1/2 is the total β decay half-life and tf is the
calculated partial half-life of the corresponding transi-
tion. For the nucleus 56Ni we note calculation of much
smaller PSF for EC decay to daughter energies using our
recipe. The PSFs calculated from (GM) recipe is on av-
erage within 3 % smaller. This in turn led to a 4 % larger
calculated half-life value for 56Ni using our recipe.
We would like to comment further on the entries in the
first two columns of Table VI. These entries are model
dependent. The excited states in daughter nuclei (shown
in the first column) and NMEs (presented in the sec-
ond column) were calculated using the pn-QRPA model.
The computed excited states satisfied the selection cri-
teria for allowed transitions within the chosen model. A
different nuclear model can change the entries in the first
two columns and, as stated earlier, is not the focus of
current study. Q-values are presented in the third and
the sixth columns of Table VI using following relation
QEC = mp −md − Ef , (21)
and
QBP = mp −md − Ef − 2mec2. (22)
Here mp and md are masses of parent and daughter nu-
clei, respectively whereas Ef is the calculated energy lev-
els in the daughter nucleus (model dependent).
Table VII shows the comparison of measured and cal-
culated half-lives for β− decay cases. The Q-values were
taken from [29]. The comparison between the two cal-
culations is much better for the β− decay half-lives than
those correponding to β+. Table VIII shows the state-by-
state calculation of PHL for 100Sr (largest PD=3.82 %)
and 152Nd (PD=2.04 %). The values of Qβ− (calculated
as in Eq. (21)), PSF, NME and branching ratios I(β−) are
also given in Table VIII. We note an overall agreement
between our calculated PSF values and those using the
(GM) recipe in the case of of both analyzed nuclei.
The difference between the two calculated half-lives as
well as their mutual comparison with the experimental
data, is done intuitively in a graphical way in Fig. 4
for few selected β+ decay cases. We display the ratio
between the experimental half-lives and the theoretical
ones, R = T
(exp)
1/2 /T
(X)
1/2 , where (X) stands for the calcu-
lation recipe, (GM) or (TW ). With solid lines the ra-
tios calculated with (TW ) recipe are represented, while
with dotted lines the conventional (GM) computations
are displayed. We note that systematically our half-lives
are larger that the GM , improving the agreement with
the measured data for most of the cases. From Fig. 4
it can be remarked that the (TW ) ratios are in general
closer to the value 1 than the (GM) ones. This effect is
highlighted in Fig. 4 by the link between the dotted line
and the solid line. In Fig. 5, the ratios corresponding to
β− decays are displayed in the same manner as in Fig. 4.
It is noted that no appreciable improvement is brought in
calculation of β− decay half-lives except for a few cases in
which the experimental data are undervalued by calcula-
tions, as also evident from Table VII. Overall, we note a
good agreement of the new theoretical half-lives with the
experimental ones. It is again remarked that this com-
parison could have improved further with a more reliable
set of NMEs or choice of better model parameters for the
calculation of NMEs (not the subject of current paper).
The differences between the (GM) and the present re-
sults can be explained by the use of a more rigorous ap-
proach in our case for the free states in the PSF compu-
tation, but also are due to the differences between our
potential and the one used by (GM). Regarding only
the free states, in the (GM) method the screening cor-
rection was introduced empirically, by modifying the so-
lutions of the Dirac equation with a function evaluated
at the nuclear surface. This function depends on the
difference between the effective potential and the point
like nucleus Coulomb interaction. On the other hand, in
our calculation the screening is introduced by consider-
ing an effective Coulomb potential. The Dirac equation
is solved numerically for this effective Coulomb potential
up to large values of r, where the wave functions are well
approximated by its asymptotic form. Later, the wave
functions are normalized by comparing their value with
the asymptotic forms. This normalization determines the
value of each wave function on the surface of the nucleus.
Further, in the (GM) calculation, the nuclear finite size
of the nucleus is simulated by additional corrections to
the Fermi functions, while in our calculation, the effective
Coulomb field is built up from the proton density of the
nucleus, as also mentioned before. Regarding the bound
states, the (GM) method uses tabulated values of the
energies and of the radial densities that are obtained by
solving the Dirac equation within a more sophisticated
self-consistent Coulomb potential.
IV. SUMMARY AND CONCLUSION
The aim of present work was to investigate the effect
of the incorporation of new PSF values, computed with
a more precise and rigorous method, on the theoreti-
cal half-lives for β± and EC decays of unstable nuclei.
The newly calculated β-decay half-lives were systemati-
7cally larger than those given in the previous calculations.
The mean percentage deviation is larger for the β− decay
(2.73%) as compared to the β+/EC decay rates (2.35%).
For the adopted set of NMEs, in general the half-lives
computed with newly PSFs are closer to the measured
ones than the half-lives calculated with PSFs with ap-
proximate method (i.e., using approximate electron wave
functions) [17] for free states. Although the largest un-
certainty in the computation of β-decay half-lives comes
from the NMEs, introduction of the newly PSF values
may improve the comparison with experiment and should
be taken into account for accurate predictions.
In near future we would be presenting the effect of
calculation of newly computed PSF on stellar beta decay
rates and comment on its astrophysical implications.
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8TABLE III. The first four columns give the electron binding energies ǫi for the shells K and L1 and their radial wave function densities gi at
the nuclear surface calculated in this work for different nuclei. The last two columns give the values of Ref. [28].
Nucleus ǫK (keV) ǫL1 (keV) g
2
K ([~/mc]
−3) g2L1/g
2
K g
2
K ([~/mc]
−3) [28] g2L1/g
2
K [28]
52Fe 6.63991 0.7451126 0.0327063 0.0898416 0.0328 0.0950
56Ni 7.95277 0.9181003 0.0411267 0.0943036 0.0423 0.0974
62Zn 9.20973 1.1092315 0.0530401 0.0953901 0.0538 0.0995
76Br 13.0121 1.6760343 0.0917936 0.1019465 0.0935 0.1035
81Rb 14.6718 1.9336296 0.1136202 0.1042520 0.1149 0.1063
88Y 16.4688 2.0221700 0.1389702 0.1272602 0.1402 0.1080
90Nb 18.3994 2.4889101 0.1686632 0.1121010 0.170 0.1098
102Cd 26.1177 3.9008765 0.3182812 0.1109908 0.319 0.1159
105Ag 24.95904 3.558919 0.2900978 0.1193451 0.293 0.1150
107Sb 29.99173 4.140248 0.4109690 0.1416423 0.413 0.1187
113Sb 29.99173 4.140248 0.4101592 0.1416413 0.413 0.1187
113Te 31.18294 4.70109 0.4488353 0.12019908 0.449 0.1196
115I 32.50419 4.937340 0.4894928 0.1210013 0.488 0.1205
116I 32.50419 4.937340 0.4893257 0.1210012 0.488 0.1205
116Xe 33.95443 5.055330 0.5289785 0.1300301 0.529 0.1215
120Ba 36.81175 4.975840 0.6244052 0.1662902 0.623 0.1234
120Xe 33.95440 5.055328 0.5280176 0.1300293 0.529 0.1215
126Cs 35.30411 5.151703 0.5764054 0.1394027 0.574 0.1224
182Re 71.29588 12.23093 2.7488862 0.1490819 2.69 0.1448
205Bi 90.39904 16.18943 5.0324494 0.1587003 4.88 0.1561
TABLE IV. The results GM obtained in Ref. [28] are compared with the results TW of this work and those obtained without a
realistic charge density and without screening correction in the case of 38Ca. The K and L1 shells are illustrated. The binding
energies are denoted ǫi and the radial densities on the surface of the nucleus are denoted g
2
i .
Method ǫK (keV) ǫL1 (keV) g
2
K ([~/mc]
−3) g2L1/g
2
K
Ref. [28] 3.60740 0.37710 0.01367 0.08620
TW 3.762904 0.357179 0.01308474 0.0825267
No screening 5.454032 1.198887 0.01434885 0.1877057
TABLE V. Comparison of measured, calculated half-lives and percentage deviation (PD) for β+/EC-decay of selected nuclei. For the case of
205Bi we calculate only L-shell EC.
Nucleus T
(EXP )
1/2
(s) [29] T
(GM)
1/2
(s) [17] T
(TW )
1/2
(s) PD (%)
52Fe 2.98E+04 1.29E+04 1.30E+04 0.77
56Ni 5.25E+05 4.26E+05 4.44E+05 4.05
62Zn 3.31E+04 9.80E+03 1.01E+04 2.97
76Br 5.83E+04 1.62E+04 1.66E+04 2.41
81Rb 1.65E+04 5.00E+03 5.12E+03 2.34
88Y 9.21E+06 1.25E+07 1.27E+07 1.57
90Nb 5.26E+04 4.25E+04 4.32E+04 1.62
102Cd 3.30E+02 2.35E+02 2.42E+02 2.89
105Ag 3.57E+06 2.45E+04 2.52E+04 2.78
107Sb 4.00E+00 3.92E+00 4.04E+00 2.97
113Sb 4.00E+02 2.42E+02 2.47E+02 2.02
113Te 1.02E+02 9.55E+01 9.77E+01 2.25
115I 3.48E+02 9.98E+01 1.02E+02 2.16
116I 2.91E+00 9.49E-01 9.73E-01 2.47
116Xe 5.90E+01 2.01E+01 2.05E+01 1.95
120Ba 2.40E+01 1.73E+01 1.76E+01 1.70
120Xe 2.76E+03 1.58E+03 1.61E+03 1.86
126Cs 9.84E+01 5.35E+02 5.42E+02 1.29
182Re 2.30E+05 3.67E+05 3.80E+05 3.42
205Bi 1.32E+06 1.47E+06 1.52E+06 3.46
9TABLE VI. State-by-state comparison of calculated PSF (for β+/EC-decay) using recipe of [17] and current prescription (TW). Shown also are
the daughter energy levels, nuclear matrix elements NME, Q values, partial half-lives (PHL) for β+/EC-decay and branching ratio I(β+/EC) of
the selected nuclei.
52Fe
Ex(MeV) NME QEC (MeV) F
(GM)
EC [17] F
(TW )
EC Qβ+ (MeV) F
(GM)
β+
[17] F
(TW )
β+
PHL(GM)[17] PHL(TW ) I
(GM)
(β+/EC)
[17] I
(TW )
(β+/EC)
0.000 0.02768 2.3733 1.22206 1.20150 1.3512 8.41032 8.31627 1.50147E+04 1.51955E+04 85.701 85.713
0.004 0.00170 2.3693 1.21794 1.19744 1.3472 8.30402 8.21074 2.46699E+05 2.49683E+05 5.2160 5.2160
0.196 0.00325 2.1773 1.02771 1.01077 1.1552 4.29193 4.24688 2.31350E+05 2.34078E+05 5.5620 5.5640
0.291 0.00134 2.0823 0.94007 0.92425 1.0602 2.98166 2.94390 7.60563E+05 7.71098E+05 1.6920 1.6890
0.720 0.00253 1.6533 0.59198 0.58175 0.6312 0.33565 0.32942 1.70770E+06 1.73853E+06 0.7540 0.7490
0.939 0.00087 1.4343 0.44543 0.43734 0.4122 5.69E-02 5.53E-02 9.20851E+06 9.39057E+06 0.1400 0.1390
1.011 0.00350 1.3623 0.40124 0.39435 0.3402 2.53E-02 2.47E-02 2.67938E+06 2.72749E+06 0.4800 0.4780
1.362 0.00255 1.0113 0.22076 0.21663 -0.0107 - - 7.10887E+06 7.24422E+06 0.1810 0.1800
1.467 0.00052 0.9063 0.17691 0.17374 -0.1157 - - 4.36772E+07 4.44742E+07 0.0290 0.0290
1.685 0.00017 0.6883 1.01706E-01 9.97773E-02 -0.3371 - - 2.35223E+08 2.39771E+08 0.0050 0.0050
1.754 0.00009 0.6193 8.22094E-02 8.06130E-02 -0.4027 - - 5.31896E+08 5.42429E+08 0.0020 0.0020
1.821 0.00972 0.5523 6.54251E-02 6.39581E-02 -0.4697 - - 6.29314E+06 6.43748E+06 0.2040 0.2020
2.119 0.00282 0.2543 1.35835E-02 1.32041E-02 -0.7677 - - 1.04562E+08 1.07568E+08 0.0120 0.0120
2.143 0.00572 0.2303 1.10469E-02 1.07735E-02 -0.7917 - - 6.33834E+07 6.49917E+07 0.0200 0.0200
56Ni
1.196 0.00038 0.9357 0.24313 0.23335 -0.0862 - - 4.31594E+07 4.49676E+07 0.986 0.988
1.247 0.00019 0.8847 0.21729 0.20842 -0.1372 - - 9.85234E+07 1.02717E+08 0.432 0.432
1.252 0.00034 0.8797 0.21476 0.20605 -0.1422 - - 5.55046E+07 5.78528E+07 0.767 0.768
1.288 0.00009 0.8437 0.19721 0.18939 -0.1782 - - 2.13703E+08 2.22525E+08 0.199 0.200
1.289 0.00009 0.8427 0.19676 0.18894 -0.1792 - - 2.31551E+08 2.41134E+08 0.184 0.184
1.299 0.00008 0.8327 0.19227 0.18444 -0.1892 - - 2.69031E+08 2.80450E+08 0.158 0.158
1.309 0.00001 0.8227 0.18754 0.18000 -0.1992 - - 1.73974E+09 1.81258E+09 0.024 0.024
1.313 0.00002 0.8187 0.18593 0.17824 -0.2032 - - 1.22606E+09 1.27894E+09 0.035 0.035
1.318 0.00001 0.8137 0.18344 0.17605 -0.2082 - - 1.76475E+09 1.83885E+09 0.024 0.024
1.363 0.00000 0.7687 0.16374 0.15695 -0.2532 - - 4.34936E+10 4.53747E+10 0.001 0.001
1.363 0.00000 0.7687 0.16372 0.15695 -0.2532 - - 2.36127E+10 2.46320E+10 0.002 0.002
1.373 0.00000 0.7587 0.15927 0.15285 -0.2632 - - 7.54380E+10 7.86020E+10 0.001 0.001
1.471 0.00000 0.6607 0.12034 0.11558 -0.3612 - - 1.51481E+10 1.57716E+10 0.003 0.003
1.482 0.00001 0.6497 0.11645 0.11172 -0.3722 - - 3.31503E+09 3.45531E+09 0.013 0.013
1.503 0.00001 0.6287 0.10904 0.10454 -0.3932 - - 3.72258E+09 3.88306E+09 0.011 0.011
1.711 0.07180 0.4207 4.82788E-02 4.62700E-02 -0.6012 - - 1.15477E+06 1.20491E+06 36.85 36.85
1.742 0.13730 0.3897 4.13076E-02 3.95910E-02 -0.6322 - - 7.05812E+05 7.36415E+05 60.30 60.30
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TABLE VII. Same as Table. V but for β−-decaying nuclei.
Nucleus TEXP1/2 (s) [29] T
(GM)
1/2
(s) [17] T
(TW )
1/2
(s) PD (%)
98Sr 6.53E-01 4.45E-01 4.57E-01 2.63
100Sr 2.02E-01 2.28E-01 2.37E-01 3.82
100Zr 7.10E+00 8.04E+00 8.25E+00 2.55
102Zr 2.90E+00 8.45E+00 8.73E+00 3.21
102Mo 6.78E+02 1.90E+02 1.94E+02 2.06
104Mo 6.00E+00 5.93E+00 6.08E+00 2.47
106Mo 8.73E+00 6.35E+00 6.53E+00 2.76
108Ru 2.73E+02 5.61E+02 5.74E+02 2.26
110Ru 1.20E+01 6.27E+01 6.46E+01 2.94
112Ru 1.75E+00 6.27E+00 6.47E+00 3.09
112Pd 7.57E+04 3.89E+04 4.00E+04 2.75
114Pd 1.45E+02 1.00E+02 1.03E+02 2.91
116Pd 1.18E+01 4.53E+01 4.67E+01 3.00
138Xe 8.44E+02 4.69E+02 4.84E+02 3.10
140Xe 1.36E+01 1.36E+00 1.40E+00 2.86
142Ba 6.36E+02 7.97E+02 8.19E+02 2.69
144Ba 1.15E+01 2.44E+01 2.51E+01 2.79
146Ce 8.11E+02 4.74E+01 4.85E+01 2.27
148Ce 5.60E+01 7.93E+01 8.13E+01 2.46
152Nd 6.84E+02 8.64E+03 8.82E+03 2.04
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TABLE VIII. State-by-state comparison of calculated PSF (for β-decay) using recipe of [17] and current prescription (TW). Shown also are the
daughter energy levels, nuclear matrix elements NME, Q values, partial half-lives (PHL) and branching ratio I(β−) for β
−-decay of the selected
nuclei.
100Sr
Ex(MeV) NME Qβ− (MeV) F
(GM)
β−
[17] F
(TW )
β−
PHL(GM)[17] PHL(TW ) I
(GM)
(β−)
[17] I
(TW )
(β−)
0.13300 0.01473 7.50300 86906.3 72966.7 3.12798E+00 3.72554E+00 7.2730 6.3720
0.35700 0.00115 7.14579 69557.1 64334.6 4.99967E+01 5.40553E+01 0.4550 0.4390
0.86400 0.00510 6.63935 49775.9 47317.7 1.57827E+01 1.66026E+01 1.4410 1.4300
1.00300 0.00322 6.50023 45212.0 43184.3 2.75281E+01 2.88207E+01 0.8260 0.8240
1.06300 0.00429 6.44024 43349.3 41485.6 2.15140E+01 2.24805E+01 1.0570 1.0560
1.10400 0.00278 6.39893 42102.4 40346.8 3.42401E+01 3.57299E+01 0.6640 0.6640
1.35000 0.26502 6.15278 35247.6 33999.4 4.28548E-01 4.44280E-01 53.084 53.434
1.41900 0.01521 6.08400 33499.6 32359.0 7.85740E+00 8.13437E+00 2.8950 2.9180
1.62000 0.00002 5.88283 28778.0 27883.9 7.89102E+03 8.14407E+03 0.0030 0.0030
1.64200 0.00000 5.86112 28301.8 27429.7 2.05672E+05 2.12210E+05 0.0000 0.0000
1.66900 0.00080 5.83372 27709.5 26864.9 1.81631E+02 1.87341E+02 0.1250 0.1270
2.03600 0.03084 5.46720 20688.6 20109.3 6.27339E+00 6.45412E+00 3.6260 3.6780
2.19100 0.00096 5.31207 18180.4 17678.5 2.30158E+02 2.36693E+02 0.0990 0.1000
2.21100 0.00002 5.29152 17867.1 17374.4 1.26201E+04 1.29779E+04 0.0020 0.0020
2.21700 0.00126 5.28623 17787.1 17296.8 1.79065E+02 1.84140E+02 0.1270 0.1290
2.33500 0.01496 5.16812 16074.2 15633.6 1.66481E+01 1.71173E+01 1.3660 1.3870
2.40500 0.00704 5.09834 15125.2 14712.6 3.75885E+01 3.86428E+01 0.6050 0.6140
2.48600 0.05959 5.01712 14077.3 13695.1 4.77186E+00 4.90505E+00 4.7670 4.8400
2.55600 0.00015 4.94728 13222.8 12865.6 2.04511E+03 2.10190E+03 0.0110 0.0110
2.59700 0.00001 4.90586 12735.9 12392.7 3.58668E+04 3.68600E+04 0.0010 0.0010
2.71000 0.00051 4.79275 11477.9 11170.8 6.88307E+02 7.07229E+02 0.0330 0.0340
2.73300 0.04131 4.76967 11233.8 10933.7 8.62714E+00 8.86390E+00 2.6370 2.6780
2.92100 0.00092 4.58202 9397.47 9150.19 4.64906E+02 4.77470E+02 0.0490 0.0500
3.04900 0.00007 4.45378 8285.68 8069.38 7.37202E+03 7.56963E+03 0.0030 0.0030
3.19200 0.00721 4.31146 7176.38 6990.87 7.73167E+01 7.93683E+01 0.2940 0.2990
3.29000 0.00845 4.21307 6480.88 6314.67 7.30755E+01 7.49989E+01 0.3110 0.3170
3.29600 0.01583 4.20677 6438.24 6273.21 3.92753E+01 4.03085E+01 0.5790 0.5890
3.36400 0.00058 4.13861 5990.84 5838.16 1.15661E+03 1.18685E+03 0.0200 0.0200
3.43900 0.00029 4.06433 5531.71 5391.47 2.52582E+03 2.59152E+03 0.0090 0.0090
3.45000 0.01045 4.05281 5463.09 5324.69 7.01033E+01 7.19255E+01 0.3250 0.3300
3.47100 0.00612 4.03206 5341.13 5205.96 1.22440E+02 1.25619E+02 0.1860 0.1890
3.49600 0.00482 4.00734 5198.67 5067.29 1.59594E+02 1.63732E+02 0.1430 0.1450
3.56900 0.00134 3.93407 4794.07 4673.52 6.24537E+02 6.40647E+02 0.0360 0.0370
3.68200 0.11627 3.82086 4218.21 4112.92 8.16217E+00 8.37111E+00 2.7870 2.8360
3.88800 0.00006 3.61534 3313.42 3232.01 2.10528E+04 2.15831E+04 0.0010 0.0010
4.05100 0.01897 3.45234 2711.28 2645.88 7.78203E+01 7.97437E+01 0.2920 0.2980
4.08800 0.37148 3.41515 2586.91 2524.78 4.16561E+00 4.26810E+00 5.4610 5.5620
4.12800 0.20740 3.37510 2458.04 2399.32 7.85229E+00 8.04448E+00 2.8970 2.9510
4.16900 0.00354 3.33446 2332.50 2277.04 4.84389E+02 4.96188E+02 0.0470 0.0480
4.22200 0.00034 3.28135 2176.15 2124.70 5.47159E+03 5.60410E+03 0.0040 0.0040
4.30800 0.00556 3.19476 1939.11 1893.63 3.71131E+02 3.80044E+02 0.0610 0.0620
4.31100 0.00722 3.19210 1932.17 1886.87 2.87049E+02 2.93941E+02 0.0790 0.0810
4.40800 0.00101 3.09502 1691.86 1652.46 2.33941E+03 2.39520E+03 0.010 0.010
4.43400 0.00003 3.06860 1630.72 1592.78 8.24004E+04 8.43631E+04 0.000 0.000
4.53600 0.00007 2.96655 1410.81 1378.03 4.15176E+04 4.25053E+04 0.001 0.001
4.56000 0.00318 2.94261 1362.77 1331.13 9.23619E+02 9.45568E+02 0.025 0.025
4.62800 0.00284 2.87494 1233.96 1205.44 1.14035E+03 1.16733E+03 0.020 0.020
4.63100 0.03599 2.87213 1228.83 1200.43 9.05090E+01 9.26499E+01 0.251 0.256
4.68800 0.00938 2.81463 1127.45 1101.55 3.78490E+02 3.87390E+02 0.060 0.061
4.70300 0.01517 2.79959 1102.05 1076.78 2.39492E+02 2.45112E+02 0.095 0.097
4.78400 0.00317 2.71946 974.255 952.119 1.29597E+03 1.32610E+03 0.018 0.018
4.86000 0.33212 2.64278 863.180 843.718 1.39636E+01 1.42857E+01 1.629 1.662
4.87900 0.15890 2.62366 837.107 818.264 3.00956E+01 3.07887E+01 0.756 0.771
4.98800 0.04141 2.51538 700.916 685.342 1.37918E+02 1.41052E+02 0.165 0.168
4.99400 0.00028 2.50876 693.199 677.809 2.02785E+04 2.07390E+04 0.001 0.001
5.02400 0.00000 2.47918 659.521 644.946 2.18678E+06 2.23620E+06 0.000 0.000
5.02400 0.00000 2.47907 659.398 644.827 3.04674E+06 3.11559E+06 0.000 0.000
5.07300 0.00072 2.42998 606.361 593.032 9.17207E+03 9.37823E+03 0.002 0.003
5.07800 0.06105 2.41548 601.620 588.399 1.08997E+02 1.11446E+02 0.209 0.213
5.08800 0.00814 2.41543 591.359 578.371 8.31303E+02 8.49970E+02 0.027 0.028
5.14500 0.00755 2.35801 534.741 523.045 9.90972E+02 1.01313E+03 0.023 0.023
5.18900 0.00337 2.31408 494.418 483.653 2.40044E+03 2.45387E+03 0.009 0.010
5.22000 0.02056 2.28304 467.396 457.267 4.16606E+02 4.25834E+02 0.055 0.056
5.24100 0.01309 2.26217 449.896 440.172 6.79596E+02 6.94608E+02 0.033 0.034
5.31000 0.00883 2.19284 395.410 386.919 1.14639E+03 1.17155E+03 0.020 0.020
5.32100 0.00091 2.18167 387.143 378.840 1.14066E+04 1.16566E+04 0.002 0.002
5.33200 0.00363 2.17111 379.456 371.325 2.90418E+03 2.96777E+03 0.008 0.008
5.38200 0.19989 2.12061 344.315 336.988 5.81626E+01 5.94271E+01 0.391 0.399
5.42200 0.29697 2.08095 318.556 311.801 4.23152E+01 4.32320E+01 0.538 0.549
5.43600 0.00100 2.06672 309.690 303.131 1.28840E+04 1.31628E+04 0.002 0.002
5.44100 0.01497 2.06191 306.737 300.243 8.71971E+02 8.90832E+02 0.026 0.027
5.47800 0.02798 2.02462 284.592 278.578 5.02652E+02 5.13504E+02 0.045 0.046
5.51600 0.00603 1.98731 263.713 258.144 2.51817E+03 2.57250E+03 0.009 0.009
5.58100 0.00030 1.92248 230.309 225.470 5.86286E+04 5.98869E+04 0.000 0.000
5.58200 0.00028 1.92101 229.593 224.770 6.27505E+04 6.40971E+04 0.000 0.000
5.68100 0.00107 1.82168 185.048 181.209 2.02077E+04 2.06358E+04 0.001 0.001
5.68800 0.00137 1.81513 182.369 178.592 1.60203E+04 1.63591E+04 0.001 0.001
5.77800 0.00050 1.72493 148.469 145.430 5.40763E+04 5.52065E+04 0.000 0.000
5.83100 0.34429 1.67201 131.012 128.381 8.87476E+01 9.05664E+01 0.256 0.262
6.01400 0.87770 1.48870 82.5496 80.9479 5.52508E+01 5.63440E+01 0.412 0.421
6.03600 0.00558 1.46719 77.9438 76.4297 9.19758E+03 9.37979E+03 0.002 0.003
6.08500 0.00058 1.41812 68.1847 66.8508 1.01248E+05 1.03268E+05 0.000 0.000
6.21900 0.65507 1.28368 46.2444 45.3545 1.32146E+02 1.34739E+02 0.172 0.176
6.31900 0.15270 1.18405 33.8740 33.2233 7.73910E+02 6.90755E+06 0.029 0.030
6.33400 0.00002 1.16928 32.2838 31.6656 6.77527E+06 6.90755E+06 0.000 0.000
6.42900 0.01233 1.07429 23.3854 22.9594 1.38889E+04 1.41466E+04 0.002 0.002
6.51300 0.01217 0.98992 17.1872 16.8828 1.91431E+04 1.94883E+04 0.001 0.001
6.51600 0.00006 0.98675 16.9821 16.6819 3.95940E+06 4.03065E+06 0.000 0.000
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100Sr
Ex(MeV) NME Qβ− (MeV) F
(GM)
β−
[17] F
(TW )
β−
PHL(GM)[17] PHL(TW ) I
(GM)
(β−)
[17] I
(TW )
(β−)
6.57300 0.00003 0.93005 13.6192 13.3789 9.25172E+06 9.41784E+06 0.000 0.000
6.58400 0.00331 0.91930 13.0440 12.8128 9.25986E+04 9.42691E+04 0.000 0.000
6.70900 0.00618 0.79391 7.61027 7.47817 8.50784E+04 8.65813E+04 0.000 0.000
6.72200 0.11568 0.78109 7.17285 7.04917 4.82458E+03 4.90923E+03 0.005 0.005
6.77000 0.01393 0.73306 5.70097 5.60592 5.04157E+04 5.12705E+04 0.000 0.000
6.89500 0.03451 0.60845 2.93440 2.88738 3.95262E+04 4.01699E+04 0.001 0.001
7.08500 0.00065 0.41782 0.80160 0.78904 7.62566E+06 7.74711E+06 0.000 0.000
7.10800 0.28661 0.39513 0.66388 0.65345 2.10383E+04 2.13742E+04 0.000 0.001
7.25000 0.05443 0.25270 0.15179 0.14949 4.84551E+05 4.92007E+05 0.000 0.000
7.30300 0.00180 0.19970 7.12037E-02 7.01109E-02 3.12973E+07 3.17851E+07 0.000 0.000
7.34900 0.20453 0.15433 3.14666E-02 3.09831E-03 6.21998E+05 6.31705E+05 0.000 0.000
7.43700 0.00053 6.55474E-02 2.22245E-03 2.19039E-03 3.40802E+09 3.45789E+09 0.000 0.000
7.50100 0.00000 2.44828E-03 1.11208E-07 1.39749E-07 1.78361E+18 1.41935E+18 0.000 0.000
152Nd
0.00700 0.00023 1.10500 64.4753 63.0324 2.69504E+05 2.75673E+05 3.206 3.201
0.04300 0.00018 1.06233 57.1811 55.9198 3.98034E+05 4.07012E+05 2.170 2.168
0.04800 0.00034 1.05678 56.0922 54.8558 2.12257E+05 2.17040E+05 4.070 4.066
0.08500 0.00021 1.01958 49.1965 48.1182 3.85716E+05 3.94359E+05 2.240 2.238
0.16100 0.00075 0.94396 37.1767 36.3803 1.42898E+05 1.46027E+05 6.046 6.043
0.16100 0.00142 0.94376 37.1486 36.3528 7.57971E+04 7.74564E+04 11.39 11.39
0.17200 0.00001 0.93269 35.5966 34.8310 9.15658E+06 9.35783E+06 0.094 0.094
0.17500 0.00053 0.93033 35.2726 34.5135 2.13186E+05 2.17876E+05 4.052 4.050
0.19900 0.00037 0.90628 32.0940 31.3982 3.39245E+05 3.46763E+05 2.547 2.545
0.22900 0.00042 0.87600 28.4051 27.7849 3.34891E+05 3.42366E+05 2.580 2.578
0.27400 0.00278 0.83105 23.5294 23.0191 6.12332E+04 6.25907E+04 14.10 14.09
0.32400 0.00006 0.78073 18.8524 18.4532 3.53330E+06 3.60975E+06 0.245 0.244
0.32500 0.00058 0.77950 18.7474 18.3506 3.70394E+05 3.78405E+05 2.332 2.332
0.33100 0.00025 0.77444 18.3211 17.9336 8.65513E+05 8.84212E+05 0.998 0.998
0.33300 0.00003 0.77208 18.1243 17.7411 7.84943E+06 8.01899E+06 0.110 0.110
0.33400 0.00036 0.77115 18.0476 17.6660 6.17153E+05 6.30484E+05 1.400 1.400
0.33500 0.00000 0.77037 17.9829 17.6027 8.69619E+08 8.88405E+08 0.001 0.001
0.34200 0.00008 0.76308 17.3901 17.0228 2.78870E+06 2.84887E+06 0.310 0.310
0.35000 0.00121 0.75540 16.7806 16.4280 1.97513E+05 2.01752E+05 4.374 4.374
0.36800 0.00002 0.73716 15.3978 15.0799 1.05188E+07 1.07405E+07 0.082 0.082
0.37400 0.00000 0.73059 14.9209 14.6152 1.47159E+08 1.50237E+08 0.006 0.006
0.39700 0.00000 0.70821 13.3799 13.1094 2.66595E+08 2.72097E+08 0.003 0.003
0.40200 0.00000 0.70320 13.0521 12.7882 3.55337E+09 3.62670E+09 0.000 0.000
0.45200 0.00003 0.65259 10.0639 9.85865 1.33142E+07 1.35914E+07 0.065 0.065
0.47600 0.00005 0.62948 8.88352 8.70489 9.68863E+06 9.88744E+06 0.089 0.089
0.48800 0.00349 0.61732 8.30575 8.13928 1.38175E+05 1.41001E+05 6.252 6.259
0.51100 0.00796 0.59432 7.29006 7.14343 6.90199E+04 7.04367E+04 12.51 12.529
0.54600 0.00061 0.55945 5.92805 5.80563 1.10052E+06 1.12373E+06 0.785 0.785
0.55500 0.00137 0.54988 5.58944 5.47456 5.23679E+05 5.34669E+05 1.650 1.651
0.60100 0.00004 0.50426 4.16753 4.08228 2.47689E+07 2.52862E+07 0.035 0.035
0.60200 0.00299 0.50322 4.13846 4.05387 3.23348E+05 3.30095E+05 2.672 2.673
0.64600 0.00150 0.45851 3.02789 2.97763 8.84107E+05 9.02058E+05 0.977 0.978
0.65000 0.00629 0.45524 2.95622 2.89755 2.15336E+05 2.19696E+05 4.012 4.017
0.69600 0.00589 0.40853 2.06216 2.02139 3.29366E+05 3.36009E+05 2.623 2.626
0.72000 0.00739 0.38524 1.69907 1.66403 3.18926E+05 3.25589E+05 2.709 2.710
0.74100 0.00000 0.36417 1.41219 1.38322 1.21197E+09 1.23735E+09 0.001 0.001
0.74700 0.00029 0.35817 1.33734 1.31027 1.02657E+07 1.04794E+07 0.084 0.084
0.76400 0.00047 0.34126 1.14121 1.11921 7.42169E+06 7.57038E+06 0.116 0.117
0.78500 0.00071 0.31972 0.92353 0.90484 6.12158E+06 6.24805E+06 0.141 0.141
0.80600 0.00082 0.29870 0.74084 0.72553 6.59923E+06 6.73842E+06 0.131 0.131
0.81200 0.00282 0.29257 0.69283 0.67836 2.04836E+06 2.09207E+06 0.422 0.422
0.82100 0.00469 0.28442 0.63250 0.61922 1.34848E+06 1.37739E+06 0.641 0.641
0.85100 0.01661 0.25449 0.44274 0.43351 5.44359E+05 5.55942E+05 1.587 1.587
0.91700 0.00059 0.18846 0.17078 0.16689 3.99157E+07 4.08462E+07 0.022 0.022
0.92400 0.00261 0.18069 0.14965 0.14621 1.02513E+07 1.04925E+07 0.084 0.084
0.96800 0.00007 0.13735 6.3563E-02 6.1968E-02 9.47034E+08 9.71424E+08 0.001 0.001
0.96800 0.00093 0.13673 6.2679E-02 6.1101E-02 6.89166E+07 7.06975E+07 0.013 0.012
1.00300 0.00039 1.0210E-01 2.5429E-02 2.4708E-02 4.00310E+08 4.11999E+08 0.002 0.002
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FIG. 4. Ratios R between experimental [29] and calculated half-lives undergoing β+ decay for selected cases. Full lines: theoretical half-lives
calculated within the (TW ) recipe. Dotted lines: theoretical half-lives calculated with the (GM) recipe of Ref. [17].
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FIG. 5. Same as Fig. 4 but for selected β− decay cases.
